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(54) Process for the preparation of aqueous dispersions of f luoropolymers 



(57) Process for the preparation of a dispersion ; 
based oh homopolymers/copolymers of.tetrafluoroeth- 
ylene (TFE), said dispersion having a bimodal or multi- 
modal distribution of the particle diameters, wherein the 
fraction of small particles is in the range 1 .5-35%. by 
weight calculated on the dry product; the ratio between 
the average diameter of the small particles with respect 
to the average diameter of the dispersion obtained from 
the polymerization being in the range 0.02-0.6; said 
process comprising the following essential steps: 



a) preparation of an aqueous microemulsion com- 
prising fluori nated surfactants and (per)fluoropoly- 
ether oils (PFPE) ; 

b) feeding of the microemulsion into the polymeri- 
zation reactor; 

c) feeding of at least one fluorinated surfactant. . 
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Description 

[0001] The invention relates to a process for the preparation directly from polymerization of fluoropolymers aqueous 
dispersions having a multimodal or bimodal distribution of the particle sizes and to the dispersion obtainable by a high 

5 conversion preparation process; said dispersions having an average diameter in the range 100 nm-400 nm, preferably 
150 nm -300 nm, the fraction of small particles having diameter between 10 and 100 nm is in the range 1.5-35% by 
weight, preferably 3-25% by weight; the ratio between the average diameter of the small particles with respect to the 
average diameter of the dispersion obtained from the polymerization being in the range 0.025-0.6. 
[0002] In particular the invntion relates to a radical polymerization process of tetraf luoroethylene (TFE) and copoly- 

10 mers thereof in aqueous emulsion, using a specific dosage of surfactants of which at least one is a component of a 

microemulsion. , ^, . A . 

[0003] From the literature (J.G.Brodnyan, Trans.Soc.Rheology, 12:3 (1968), 357; J.S.Chong, E.B.Chnstiansen, A. 
D Baer, J. Appl. Pol. Sci., v.15 (1971), 2007; P.-L.Kuo, C.-J.Chen, J.Polymer Sci. Pol. Chemistry, 31 (1993), 99; C. 
Chang R L Powell J Rheol.,38 (1994), 85; Emulsion polymerization and emulsion polymers. Ed. A. Lovell, M.S. El- 

15 Aasser, J Wiley & Sons, Chichester, 1997, p. 450) it is known that polymeric latexes with a bimodal distribution of the 
particle diameters with respect to those with a monomodal distribution have a lower viscosity, the concentration being 
equal This allows to obtain latexes having a higher concentration not exceeding a certain viscosity, for exampleup to 
74% by volume with a viscosity lower than 1 ,000 cP. This leads, for example, to a better capability of the film formation 
and better tensile properties of the film. 

20 [0004] Lately (FChu, J.Guillot, A.Guyot, Colloid. Polym. Sci., 276 (1998), 305; F.Chu, J.Guillot, A.Guyot, J.Applied 
Polymer Sci 70 (1 998) 2667) it has been shown for the polymers based on styrene, butyl acrylate and methylmeth- 
acrylic acid that latexes with multimodal, in particular trimodal, distributions of the particle diameters, have more ad- 
vantageous rheological and colloidal properties with respect to bimodal latexes and much more advantageous with 
respect to monomodal latexes. For example, a latex can be obtained having a solid content up to 80% by volume and 

25 minimum viscosity in the case of trimodal distribution of the particle diameters with ratio by weight among large/average/ 
small particles equal to 80/1 0/10: / ' 

. [0005] The above mentioned literature and USP 4,657,966, USP 4,385,1 57, USP 5,668,207 refer to hydrogen atod 
polymer latexes and fluoropolymer latexes are not mentioned. 

[0 006] In USP 5 576 381 it is described how to obtain PTFE la-texes with a bimodal distribution of the particle diam- 
30 eters by mixing a latex having a particle "diameter in the range 180 nm -400 nm with another latex having an average 
diameter in a ratio from 0.3 to 0.7 with respect to the particle diameter of the first latex. The process requires the 
carrying out of two separate polymerization operations with a subsequent mixing in a specific ratio. This complicates 
the production process, since it requires the separate production of two types of latex and the increase of the*storage 
volumes Besides, the latex polymerization process with small particles requires to work at a low polymenzation con- 
as version i e with low productivity, and it does not allow to obtain the particles having a diameter lower than 100 nm 
with the typical conversions of the industrial scale. As operating example the preparation of a latex having an average 
particle diameter of 100 nm the conversion being 10% by weight, is reported. In this patent it is stated that the fluor- 
opolymer latexes with bimodal distribution of the particle sizes can be obtained by carrying out a polymerization reaction 
with subsequent additions of a surfactant. No example is reported on this aspect. From the examples, bimodal or 
40 multimodal distributions of the particle diameters are not obtained from the polymerization. On the other hand, it is 
known that subsequent additions of surfactants commonly used for the polymerization of tetrafluoroethylene based 
fluoropolymers, as for example described in USP 3,009,892 and USP 3,391 ,099 with the purpose to increase the latex 
stability and the conversion, do not give bimodal or multimodal distributions of the particle diameters. Experiments 
carried out by the Applicant (see comparative Examples) have shown that by using during the PTFE polymerization 
45 subsequent additions of ammonium perfluorooctanoate or of ammonium salt of pertluoropolyether acid as surfactants, 
multimodal distributions are not obtained. u - ^ ■ 

[0007] The patent application WO 98/58984 mentions the possibility to obtain fluoropolymer latexes having a bimodal 
distribution of the particles directly from the polymerization but it is not indicated anyway howthis result can be obtained. 
[0008] USP 4 864 006 uses a microemulsion based on (per)fluoropolyethers for the polymerization of fluonnated 
so polymers and indicates that all the surfactant necessary for the polymerization is fed into the reactor under the form 
of microemulsion Besides, it is indicated that the whole microemulsion must be introduced into the reactor before the 
starting of the reaction. The amount of the used microemulsion must be higher than 0.05 ml of pertluoropolyether for 
1 litre of water. Tests carried out by the Applicant (see comparative Examples) have shown that by operating under 
theconditions indicated inthepatent dispersions with multimodal distributions of theparticle diameters are not obtained. 

55 [0009] In USP 4,380,61 8, USP 5,789,508 and WO 97/08214 for the PTFE polymerization and copolymers thereof 
surfactants of formula: 
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F-(CF 2 -CF 2 ) n -CH 2 -CH 2 -S0 3 M, 

wherein M = H, NH 4 , Na, Li, K are used. Multimodal distributions of the particle diameters are not obtained (see the 
5 Examples). 

[0010] In USP 4,038,230 it is described how to obtain large spherical PTFE particles by using a non reactive per- 
fluorinated oil phase, for example perfluorobutane, together with the surfactant. Multimodal distributions of the particle 
diameters are not reported. 

[001 1] In USP 3,526,614 in order to obtain a sufficiently large particle diameter, the addition of polivalent metal salts, 
10 such as Zn 2+ , is used. This technique allows to control the final diameter of the PTFE particles, but multimodal distri- 
butions of the particle diameters are not reported. 

[0012] USP 5,523,346 uses for the PTFE polymerization a microemulsion based on polymerizable unsaturated liquid 
monomers in order to obtain small PTFE particles. This method does not allow to obtain multimodal distributions of 
the particle diameters. Besides, it is well known that by operating under these conditions it is extremely dangerous due 

15 to the explosiveness of the liquid tetrafluoroethylene. 

[0013] In patent application WO 96/22315 a perfluorinated microemulsion is used in order to obtain small particles 
of thermoprocessable fluoropolymers. Multimodal distributions of the particle diameters are not obtained. 
[0014] USP 3,925,292 and USP 5,789,083 relate to a mixture formed by a dispersion of PTFE and by a dispersion 
of a thermoplastic copolymer of tetrafluoroethylene. In said patents it is neither reported nor described that the obtained 

20 single latexes have a multimodal distribution of the particle diameters. It is not indicated that said mixture can be directly 
obtained from the polymerization process. 

[0015] In EP 969,027 in the name of the Applicant, a polymerization process in microemulsion to obtain PTFE par- 
ticles or PTFE copolymers having a size 5-60 nm, is described. Bimodal distribution is not described. v 
[001 6] The need was felt of a polymerization techn ique able to give PTFE dispersions having a multimodal distribution ^ 

25 as defined below. ' ' C 

[0017] It is therefore an object of the present invention a process for the preparation of a dispersion based on ( A 
tetrafluoroethytlene (TFE) homopolymers, or based on copolymers thereof with one or more monomers containing at : ?f : 
least one unsaturation of ethylene type in amounts from 0 up to 10% by moles, preferably from 0 to 2% by moles, said ' 
dispersion having a multimodal or bimodal,- preferably bimodal, distribution of the particle diameters, the dispersion . 

30 having an average diameter in the range 1 00 nm-400 nm, preferably 1 50 nm-300 nm, the fraction of the small particles 
having diameter between 1 0 and 1 00 nm being in the range 1 .5-35% by weight calculated on the dry product, preferably 
3-25% by weight; . : . : v 

the ratio between the average diameter of the small particles with respect to the average diameter of the dispersion / 
obtained from the polymerization being in the range 0.025-0.6; % • 

35 said process comprising: 

a) preparation of an aqueous microemulsion comprising fluorinated surfactants and (per)fluoropolyether (PFPE) 
oils having non reactive, preferably (per)fluorinated, end groups, optionally containing 1 or more H and/or CI atoms 
instead of fluorine; 

40 b) feeding of the microemulsion into the polymerization reactor befor the beginning of the polymerization or when 

polymerization has started; 

c) feeding of at least one fluorinated, preferably perfluorinated, surfactant into the reactor before the starting of the 
polymerization or when polymerization has started; 

d) addition of water (reaction medium) into the reactor, reactor pressurization with gaseous TFE, optional addition 
45 of comonomers, chain transfer agents, stabilizers; 

e) addition of the initiator, and optionally during the polymerization of further amounts of comonomers, initiators, 
chain transfer agents; 

f) discharge from the reactor of the polymer latex; before the starting of the reaction at least a part of the b) and/ 
or c) feedings must be carried out. 

50 

[0018] With the process of the invention a latex containing a high concentration of polymer, generally higher than 
25% by weight, preferably higher than 30% by weight, is obtained. 

[0019] The Applicant has surprisingly found that by using a dosage system of at least two surfactants of which one 
is a component of a microemulsion a) based on (per)fluoropolyethers and the other is a fluorinated surfactant not in 
55 microemulsion, PTFE latexes having a multimodal or bimodal distribution of the particle diameters are directly obtained 
from the polymerization process of the invention. 

[0020] The fraction and the diameter of the small particles are obtainable from the supernatant layer of the polym- 
erization latex subjected to ultracentrifugation. 
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[0021] Preferably the amount of the surfactant fed before the starting of the polymerization must exceed 0.05 grams 
for litre of water, while the total amount of the fed surfactant is generally in the range 0.3-1 0 g for litre of water. 
[0022] The amount of the fluorinated surfactant in the microemulsion a) is in the range 1 -80% by weight, preferably 
1-45% by weight, with respect to the total weight of surfactants a)+c). 
5 [0023] The fluorinated surfactant used in step c) is preferably anionic. 

[0024] It is possible to check that the granulomere distribution curve of the latex particles has at least two separate 
peaks (bimodal distribution) by a scanning electronic microscope (SEM) ortransmissiom electronic microscope (TEM) 
or by an atomic force microscope (AFM). Another method is that to use one or more ultracentrifugations of the polym- 

w ra025] On The'latex discharged from the reactor can be subjected, if desired, to the usual post-treatments in connection 
with the specific uses. For example, the discharged dispersion can be coagulated to obtain fine powders having the 
multimodal distribution according to the present invention. The latex concentration, carried out for example by clouding 

or ultrafiltration, can also be mentioned. 

[0026] In order to obtain trimodal or higher distributions of the particles, a fluorinated surfactant c) and the microe- 

15 mulsion a) must be fed into the reactor at different reaction progress degrees. For example a feeding of the microe- 
mulsion a) and of the surfactant c) before the starting of the reaction, a further feeding of microemulsion a) when more 
than 50% of tetrafluoroethylene has reacted. 

[0027] The Applicant has found that the various obtained populations of the polymer have different not only the 
particle diameters, but also some properties, such as molecular weight, crystallinity, etc. can be different. 

20 [0028] For example by using together with the microemulsion a specific dosage of comonomers, initiators and chain 
transfer agents latexes can be obtained which besides containing a fraction of large particles formed by PTFE or 
modified PTFE 'having a sufficiently high molecular weight such as to be not thermoplastic, contain at least one fraction 
of small particles fomied by a thermoplastic fluoropolymer based on TFE, i.e. a fluoropolymer having a viscosity of the 
melt lower than 10? poise, preferably from 103 t0 10 7 poise. In order to obtain the large particle fraction having a 

25 sufficiently high molecular weight, the microemulsion dosage with initiators, comonomers and chain transfer agents 
must be fed at a reaction progress degree of at least 60%, preferably 80%. 

[0029] The results of the invention are particularly surprising since the particle nucleation mechanism in polymeri- 
zation processes in emulsion or in microemulsion is very complex and it is not clarified. The processes leading to the 
formation of small and large particles influence each other. It is surprising that by the process of the invention multimodal 

30 distributions as above defined are obtained. ••" ■ ' 

[0030] The dispersions obtained by the process of the invention, as such or after post-treatment, can be used for 
the coating of surfaces of organic and/or inorganic polymers, of metals or ceramics, etc. with the advantage tojiave 
a better filming with respect to the dispersions having a monomodal distribution of the particles. Besides, the films 
obtained from the invention dispersions, show also higher tensile properties with respecttothe commercial monomodal 

35 dispersions having a diameter in the range 180-400 nm. 15 _....„„, „„„ „„ e . , ICD 

[0031] The microemulsions a) used in the process of the present invention are described in USP 4,864,006 and USP 
4 990 283 herein incorporated by reference; wherein instead of the indicated non reactive end groups, also hydrofluor- 
opolyethers having one or both end groups containing one H atom, or having one or more chlorine atoms instead of 
fluorine in the chain end groups, can be used. nnMt Hnm iwiitr» 

40 [0032] The perfluoropolyether oil phase of the microemulsion a) is present in an amount from 0.002 to 1 0 ml for litre 
of water, preferably from 0.01 to 2.5 ml. 

[0033] The number average molecular weight of the perfluoropolyethers (PFPE) which can be used for the prepa- 
ration of the microemulsion a) is in the range 350-8,000, preferably 500-1 ,000. The perfluoropolyether chain comprises 
repeating units having at least one of the following structures, statistically placed along the chain: 



45 



50 



55 



(CFXO), (CF 2 CF z O), (CF 2 CF 2 CF 2 0), (CF 2 CF 2 CF 2 CF 2 0), 
(CR 4 R 5 CF 2 CF 2 0), (CF (CF 3 ) CF 2 0), (CF 2 CF (CF 3 ) O), 

wherein 

X=F, CF 3 ; 

R 4 and R 5 , equal to or different from each other, are selected from H, CI, or perfluoroalkyl from 1 to 4 carbon atoms. 
[0034] In particular PFPE can have one of the following structures: 
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1) TO-(CF 2 0) a ,-(CF 2 CF 2 0) b ,-T 

with a'/b' in the range 0.5-2, extremes included, a' and b' being integers such as to give the above indicated 
molecular weight; 

2) TO- (C 3 F 6 0) r - (C 2 F 4 0) b - (CFXO) t -T 

5 with r/b = 0.5-2.0; (r+b)/t is in the range 10-30, b, r and t being integers such as to give the above indicate 

molecualr weight, X has the above indicated meaning; 

3) TO-(C 3 F 6 0) r ,- (CFXO) t ,-T 

t' can be 0; 

10 when t' is different from 0 then rVt' = 10-100, preferably 10-30; r* and t' being integers such as to give the above 

indicated molecular weight; X has the above indicated meaning; 

[0035] In the above indicated formulas: 

-(C 3 F 6 0)- can represent units of formula 

15 

- (CF(CF 3 ) CF 2 0) - and/or - (CF 2 -CF (CF 3 ) O) - 

[0036] The T end groups, equal to or different from each other, are (per) fluoroalkyl groups selected from: -CF 3 , 
20 -C 2 F 5 , -C 3 F 7 , -CF 2 CI, -C 2 F 4 CI, -C 3 F 6 CI; optionally one or two F atoms, preferably one, can be replaced by H. 

[0037] The indicated fluoropolyethers are obtainable by the well known processes in the prior art, see for example 

the following patents herein incorporated by reference: USP 3,665,041, 2,242,218, 3,715,378, and EP 239,123. 

[0038] PFPEs are commercially known, for example FOMBLIN R commercialized by Ausimont. The preferred ones 

among them are: . - 

25 * ' 

CF 3 0(C 3 F 6 0) n (CF 2 0) m CF 3 

wherein n and m are such as to give the above indicated molecular weight values; m/n is in the range 0.01-0.5. 
30 [0039] The fluorinated surfactants used in the present invention can be selected from the following: 

TO(C 3 F 6 0) n (CF 2 0) m CF 2 COQM (IA) 

35 wherein M= H, NH 4 , Na, Li, K and n can range from 1 to 6, T as above defined; m/n is in the range 0.05-0.1 

CF 3 (CF 2 ) n COOM (IIA) 

40 wherein n can range from 4 to 12 

F-(CF 2 -CF 2 ) n -CH 2 -CH 2 -S0 3 M (MIA) 

45 wherein M= H, NH 4 , Na, Li, K and n can range from 2 to 5. 

[0040] Preferably the fluorinated surfactants of the microemulsion a) have structure (IA). 

[0041] The functionalized fluoropolyethers of structure (I A) are obtained for example according to the processes 
mentioned in EP 148482, USP 3,810,874. The surfactants of structure (IIA) and (MIA) are commercial products, for 
example FLU O RAD R FC1013, FORAFAC R 1033D. 
50 [0042] Comonomers having an ethylene unsatu ration which can be used are of both hydrogenated and fluorinated 
type; among the hydrogenated ones, ethylene, propylene, acrylic monomers, for example methylmethacrylate, (meth) 
acrylic acid, hydroxyethyle-nacrylate, styrene monomers, such as for example styrene, can be mentioned. Among the 
fluorinated comonomers it can be mentioned: 

55 - C 3 -C 8 perfluoroolefins, such as hexafluoropropene (HFP); 

C 2 -C 8 hydrogenated fluoroolefins, such as vinyl fluoride (VF), vinylidene fluoride (VDF), trifluoroethylene, perfluor- 
oalkylethylene CH 2 =CH-Rf, wherein Rf is a C V C 6 perfluoroalkyl, such as hexafluoroisobutene; 
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C 2 -C 6 chloro- and/or bromo- and/or iodo-fluoroolefins, such as chlorotrifluoroethylene (CTFE) ; 

- (per)fluoroalkylvinylethers (PAVE) CF 2 =CFORf, wherein Rf is a C r C 6 (per)fluoroalkyl t for example CF 3 , C 2 F 5) 

C3F7; 

- (per)fluoro-oxyalkylvinylethers CF 2 =CFOX, wherein X is a C r C 12 alkyl, or a C r C 12 oxyalkyl, or a C r C 12 (per) 
5 fluorooxyalkyl having one or more ether groups, for example pert luoro-2-propoxy-propyl; 

fluorodioxoles, preferably perfluorodioxoles. 

During the polymerization the typical temperatures and pressures of the TFE polymerization processes are used. 
[0043] The present invention will be better illustrated by the following Examples, which have a merely indicative but 
10 not limitative purpose of the scope of the invention itself. 

EXAMPLES 

Characterization 

15 

[0044] In Examples 1-13 the properties and the parameters of interest are determined through the analysis and 
characterization methods herein described. 

[0045] The determination of the temperature of the first melting and of the heat of crystallization is carried out by the 
differential calorimetry method, by using a Perkin Elmer calorimeter of the DSC 7 type. About 1 0 mg of dried polymer 
20 are heated from a temperature of 220°C up to 370°C at a rate of 10°C/min. The temperature corresponding to the 
peak of the melting endothermic curve is indicated as the temperature of the first melting of the polymer. After 15 
minutes at 370°C, the polymer is cooled up to a temperature of 220°C at the rate of 10°C/min. The area subtended 
from the crystallization esothermic curve is integrated and its value, expressed in cal/g, is indicated as heat of crystal- 
lization. * 

'25 [0046] ■ The average diameter of the particles is measured by an instrument based on the laser light diffusion, spe- 
cifically on the Photon Correlation Spectroscopy, equipped with Brookhaven correlator model 2030 AT and with an 
Argon Laser light source having a wave length 514.5 nm by. Spectra- Physics', The latex specimens to be subjected to : 
measurement, are suitably diluted by water filtered at 0.2 jim on Millipore filter. The scattering measure is carried out 4 
at room temperature and at a 90° angle. The latex particle diameter is obtained by the cumulant methods. 

.30 [0047] • The polymer content of the latex discharged from the reactor and of the supernatant layer obtained by ultra; 
centrifugation is evaluated by the loss weight at 150°C for 1 hour. In particular about 20 g of latex are weighed in a 
glass beaker and placed in a stove to dry for 1 hour at 1 50°C The content of dry product of the latex is obtained from . 
the formula: 

35 

Dry product % = weight after drying/latex initial weight x 1 00 

[0048] In order to determine the per cent fraction of the solid separated as a consequence of the ultracentrifugation, 
one proceeds to normalize the content of the dry product of the supernatant layer after centrifugation with respect to 
40 the content of the dry product of the latex before centrifugation, according to the formula: 

Separated solid % = (1 -dry product in the supernatant layer %/Dry product in the latex %) x 1 00 

45 [0049] In order to evaluate the granulometry distribution of the primary particles, the latex is subjected to centrifu- 
gation at 5,000 rpm for 1 hour, using a Kontron ultracentrifuge Centrikon model H401 . The separated supernatant layer 
is subjected to determination of the polymer content by weight loss and to determination of the average diameter of 
the primary particles, as previously described. As it has been described in the prior art (F.Chu, C.Graillat, J.Guillot, A. 
Guyot, Colloid. Pol. Sci, 275 (1997), 986) this method which uses ultracentrifugation with PCS allows a careful deter- 

so mination of the particle fractions in the polydispersed latex and it gives results which are confirmed by other techniques 
such as the transmission electronic microscopy (TEM), capillary hydrodynamic fractionation (CHDF) or field-flow frac- 
tionation (FFF). 

[0050] The amorphous index has been determined by IR-spectroscopy according to the Moynihan method (J.Am. 
Chem.Soc, 1959, 81 , 1045) as a ratio of the absorptions A778 and A2365. 

55 

Amorphous index = A778/A2365 
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[0051] The absolute specific weight is determined according to ASTM D4895. 
[0052] The surfactants which are used in Examples 1-13 are the following: 



5 CF 3 0(C 3 F 6 0) n (CF 2 0) m CF 2 COOH (I) 

wherein n can range from 1 to 6, m/n is in the range 0.05-0.1 
f0 C 3 F 6 CI(C 3 F 6 0) n (CF 2 0) m CF 2 COOH (II) 

wherein n can range between 1 and 5, m/n is in the range 0.05-0.1 
15 CF 3 (CF 2 ) n COOH (III) 

wherein n can range between 4 and 12 
20 F- (CF 2 -CF 2 ) n -CH 2 -CH 2 -S0 3 M (IV) 

wherein M= H, NH 4 , Na, Li, K and n can range between 2 and 5. The oils used in Examples 1 -13 are the following: 
25 CF 3 0 (C 3 F 6 0) n (CF 2 0) m CF 3 (A) 

wherein n can range between 1 and 6; m/n is in the range 0.05-0.1 j . ^ 

30. CF 3 (CF 2 ) n CF 3 ; (B) 

wherein n can range between 1 and 8. . v 

EXAMPLE 1 

[0053] 5 parts of an ammonium salt of an acid having the structure (I) with an acidimetric molecular weight 530, 3 
parts of a perfluoropolyether having the structure of type (A) and molecular weight of about 700 and 8 parts of water 
are introduced into a glass beaker. The resulting dispersion is perfectly limpid. 

[0054] 150 grams of the previous dispersion, equal to 0.49 ml/litre of perfluoropolyether, are added to 32 litres of 
carefully degassed water in a 50 litres autoclave equipped with a mechanical stirrer and previously put under vacuum. 
Also 140 grams of paraffin with softening point in the range 52°C-54°C were previously introduced into the reactor. 
500 cc of (NH 4 ) 2 S 2 0 8 (APS) solution corresponding to 220 mg of APS are fed into the autoclave. The autoclave is 
maintained under mechanical stirring and is pressurized with TFE up to a pressure of 20 bar at a temperature of 55°C. 
At this poi nt 500 cc of a (N H 4 ) 2 Fe(SO 4 ) 2 6H 2 0 (SdM) sol ution corresponding to 380 mg of SdM are fed into the autoclave. 
[0055] When the pressure in the reactor has decreased of 0.5 bar, one starts to feed TFE by a compressor so as to 
maintain a constant pressure of 20 bar inside the reactor. Meanwhile the internal temperature of the reactor is increased 
up to 100°C at a rate equal to 0.7°C/min. During the reaction 56 grams of the aqueous solution containing 100 grams/ 
litre of ammonium perfluorooctanoate are fed into the autoclave. After 80 minutes, the TFE feeding is stopped, when 
13,100 grams of TFE have reacted, the reactor is evacuated and cooled. 

[0056] The diameter of the polymer primary particles measured by Laser Light Scattering (LLS) is equal to 157 nm. 
After ultracentrifugation at 5,000 rpm for 1 hour, an amount of solid equal to 67% by weight of the total weight is 
separated and the LLS measure on the supernatant phase gives a value of 78 nm. The measured values show that 
the obtained dispersion has a bimodal distribution of the particle diameters. By the DSC analysis it results that the 
average specimen of the Example has a heat of crystallization of 8.8 cal/g., the supernatant phase -9.39 cal/g and the 
precipitated phase -6.07 cal/g. 

[0057] By the FT-IR analysis it results that the polymer of the supernatant phase has a value of the amorphous index 
(Moynihan, 773/2365 cm-1) of 0.12, while that of the precipitated phase is of 0.07. 



35 
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EXAMPLE 2 



[0058] 3 parts of an ammonium salt of an acid having the structure (II) with an acidimetric molecular weight 545, 2 
parts of a perfluoropolyether having the structure of type (A) and molecular weight of about 800 and 5 parts of water 
5 are introduced into a glass beaker. The resulting dispersion is perfecetly limpid in a temperature range from 15°C to 
55°C. 

[0059] 100 grams of the previous dispersion, equal to 0.35 ml/litre of perfluoropolyether, are added to 32 litres of 
carefully degassed water in a 50 litres autoclave equipped with a mechanical stirrer and previously put under vacuum. 
Also 140 grams of paraffin with softening point in the range 52°C-54°C were previously introduced into the reactor. 
10 500 cc of <NH 4 ) 2 S 2 0 8 (APS) solution corresponding to 220 mg of APS are fed into the autoclave. The autoclave is 
maintained under mechanical stirring and it is pressurized with TFE up to a pressure of 20 bar at a temperature of 
55°C. At this point 500 cc of a (NH 4 ) 2 Fe(SO 4 ) 2 6H 2 0 (SdM) solution corresponding to 380 mg of SdM are fed into the 
autoclave. 

[0060] When the pressure in the reactor has decreased of 0.5 bar, one starts to feed TFE by a compressor so as to 
15 maintain a constant pressure of 20 bar inside the reactor. Meanwhile the internal temperature of the reactor is increased 
up to 100°C at a rate equal to 0.7°C/min. During the reaction 60 grams of the aqueous solution containing 100 grams/ 
litre of ammonium perfluorooctanoate are fed into the autoclave. After 94 minutes, the TFE feeding is stopped, when 
14,800 grams of TFE have reacted, the reactor is evacuated and cooled. 

[0061] The diameter of the polymer primary particles measured by Laser Light Scattering (LLS) is equal to 155 nm. 
20 After ultracentrifugation at 5,000 rpm for 1 hour, an amount of solid equal to 74.6% by weight of the total weight is 
separated and the LLS measure on the supernatant phase gives a value of 82 nm. The measured values show that 
the obtained dispersion has a bimodal distribution of the particle diameters. 

[0062] By the DSC analysis it results that the average specimen of the Example has a heat of crystallization of 8.2 
r.. , cal/g, the supernatant phase -1 0.4 cal/g and the precipitated phase -7.1 cal/g. On the average specimen the value of 
25 the absolute specific weight SSG = 2,171 hasbeen determined which indicates high molecular weight of the obtained 
polymer. * 1 ' . ' ' " ' '.' * / - ^ 

EXAMPLE 3 ~ • ■ '■ '"'"['[[' 

30 [0063] ■ 5 parts of an ammonium salt of an acid having the structure (If) with. an acidimetric molecular weight 530, 3 
parts of a perfluoropolyether having the.strueture of type (A) and molecular weight of about 700 and 8 parts of~water 
are introduced into a glass beaker. The resulting dispersion is perfectly limpid. ^ 
■■■ : [0064] 8 grams of the previous dispersion, equalto 0.03 ml/litre of perfluoropolyether, are addedto 32 litres of carefully 
degassed water in a 50 litres autoclave equipped with a mechanical stirrer and previously put under vacuum. Also 11 

35 grams of ammonium perfluorooctanoate and 200 g of paraffin with softening point in the range 52°C-54°C were pre- 
viously introduced into the reactor. 500 cc of (NH 4 ) 2 S 2 0 8 (APS) solution and disuccinic peroxide (DSAP) corresponding 
to 100 mg of APS and 2,000 mg of DSAP are fed into the autoclave. The autoclave is maintained under mechanical 
stirring and it is pressurized with TFE up to a pressure of 20 bar at a temperature of 55°C. At this point 500 cc of a 
(NH 4 ) 2 Fe(SO 4 ) 2 6H 2 0 (SdM) solution corresponding to 90 mg of SdM are fed into the autoclave. 

40 [0065] When the pressure in the reactor has decreased of 0.5 bar, one starts to feed TFE by a compressor so as to 
maintain a constant pressure of 20 bar inside the reactor. Meanwhile the internal temperature of the reactor is increased 
up to 86°C at a rate equal to 0.6°C/min. During the reaction 50.5 grams of the aqueous solution containing 1 00 grams/ 
litre of ammonium perfluorooctanoate are fed into the autoclave. After 1 09 minutes, the TFE feeding is stopped, when 
15,800 grams of TFE have reacted, the reactor is evacuated and cooled. 

45 [0066] The diameter of the polymer primary particles measured by Laser Light Scattering (LLS) is equal to 1 70 nm. 
After ultracentrifugation at 5,000 rpm for 1 hour, an amount of solid equal to 95.5% by weight of the total weight is 
separated and the LLS measure on the supernatant phase gives a value of 65 nm. The measured values show that 
the obtained dispersion has a bimodal distribution of the particle diameters. 

50 EXAMPLE 4 

[0067] 15 grams of the dispersion of Example 3, equal to 0.05 ml/litre of perfluoropolyether, are added to 32 litres of 
carefully degassed water in a 50 litres autoclave equipped with a mechanical stirrer and previously put under vacuum. 
Also 12 grams of Forafac 1033D, surfactant having the structure (IV) produced and commercialized by Elf Atochem 
55 s.A., 200 g of paraffin with softening point in the range 52°C-54°C were previously introduced into the reactor. The 
autoclave is maintained under mechanical stirring and it is pressurized with TFE up to a pressure of 20 bar at a tem- 
perature of 70°C. At this point 500 cc of a (NH 4 ) 2 S 2 O s (APS) solution and disuccinic peroxide (DSAP) corresponding 
to 150 mg of APS and 3,000 mg of DSAP are fed into the autoclave. 
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[0068] When the pressure in the reactor has decreased of 0.5 bar, one starts to feed TFE by a compressor so as to 
maintain a constant pressure of 20 bar inside the reactor. Meanwhile the internal temperature of the reactor is increased 
up to 85°C at a rate equal to 0.33°C/min. During the reaction 50.5 grams of the aqueous solution containing 1 00 grams/ 
litre of Forafac 1033D are fed into the autoclave. After 120 minutes, the TFE feeding is stopped, when 15,800 grams 
5 of TFE have reacted, the reactor is evacuated and cooled. 

[0069] The diameter of the polymer primary particles measured by Laser Light Scattering (LLS) is equal to 1 65 nm. 
After ultracentrifugation at 5,000 rpm for 1 hour, an amount of solid equal to 97% by weight of the total weight is 
separated and the LLS measure on the supernatant phase gives a value of 55 nm. The measured values show that 
the obtained dispersion has a bimodal distribution of the particle diameters. 

10 

EXAMPLE 5 

[0070] 25 grams of the dispersion of Example 3, equal to 0.08 ml/litre of perfluoropolyether, are added to 32 litres of 
carefully degassed water in a 50 litres autoclave equipped with a mechanical stirrer and previously put under vacuum. 

15 Also 40 grams of ammonium perfluorooctanoate, 200 g of paraffin with softening point in the range 52°C-54°C were 
previously introduced into the reactor. The autoclave is maintained under mechanical stirring and it is pressurized with 
TFE up to a pressure of 20 bar at a temperature of 70°C. At this point 500 cc of a (NH 4 ) 2 S 2 0 8 (APS) solution and 
disuccinic peroxide (DSAP) corresponding to 150 mg of APS and 3,000 mg of DSAP are fed into the autoclave. 
[0071] When the pressure in the reactor has decreased of 0.5 bar, one starts to feed TFE by a compressor so as to 

20 maintain a constant pressure of 20 bar inside the reactor. Meanwhile the internal temperature of the reactor is increased 
up to 85°C at a rate equal to 0.33°C/min. When 13,000 g of TFE have reacted, 150 g of the microemulsion of Example 
3 equal to 0.49 ml/litre of perfluoropolyether are fed into the autoclave, the internal temperature of the autoclave is 
brought to 92°C. When 13,500 g of TFE have reacted, 28 g of perfluoropropylvinylether (PPVE) are fed into the auto- 
clave. After 1 00 minutes, the TFE feeding is stopped, when 15,800 grams of TFE have reacted, the reactor is evacuated * r 

25 and cooled. ^ ' 

[0072] The diameter of the polymer primary particles measured by Laser Light Scattering (LLS) is equal to 198 nm. 
After ultracentrifugation at 5,000 rpm for 1 hour, an amount of solid equal to 95.1% by weight of the total weight is ; |- 
separated and the LLS measure on the supernatant phase gives a value of 58 nm. The measured values show that 
the obtained dispersion has a bimodal distribution of the particle diameters. 

30 # 

EXAMPLE 6 (comparative) ; * 

[0073] 24 grams of the aqueous solution of the ammonium perfluorooctanoate are added to 32 litres of carefully ' 
degassed water in a 50 litres autoclave equipped with a mechanical stirrer and previously put under vacuum. Also 140 lj 

35 grams of paraffin with softening point in the range 52°C-54°C were previously introduced into the reactor. 500 cc of a 
(NH 4 ) 2 S 2 0 8 (APS) solution corresponding to 220 mg of APS are fed into the autoclave. The autoclave is maintained 
under mechanical stirring and it is pressurized with TFE up to a pressure of 20 bar at a temperature of 55°C. At this 
point 500 cc of a (NH 4 ) 2 Fe(S0 4 ) 2 6H 2 0 (SdM) solution corresponding to 380 mg of SdM are fed into the autoclave. 
[0074] When the pressure in the reactor has decreased of 0.5 bar, one starts to feed TFE by a compressor so as to 

40 maintain a constant pressure of 20 bar inside the reactor. Meanwhile the internal temperature of the reactor is increased 
up to 100°C at a rate equal to 0.7°C/min. During the reaction 60 g of the aqueous solution containing 100 grams/litre 
of ammonium perfluorooctanoate are fed into the autoclave. After 80 minutes, the TFE feeding is stopped, when 1 7,400 
grams of TFE have reacted, the reactor is evacuated and cooled. 

[0075] The diameter of the polymer primary particles measured by Laser Light Scattering (LLS) is equal to 200 nm. 
45 After ultracentrifugation at 5,000 rpm for 1 hour, an amount of solid equal to 99.8% by weight of the total weight is 
separated and the LLS measure on the supernatant phase gives a value of 115 nm. 

EXAMPLE 7 (comparative) 

so [0076] 24 grams of an aqueous solution of the ammonium salt of the surfactant having the structure (II) are added 
to 32 litres of carefully degassed water in a 50 litres autoclave equipped with a mechanical stirrer and previously put 
under vacuum. Also 1 40 grams of paraffin with softening point in the range 52°C-54°C were previously introduced into 
the reactor. 500 cc of a (NH 4 ) 2 S 2 0 8 (APS) solution corresponding to 220 mg of APS are fed into the autoclave. The 
autoclave is maintained under mechanical stirring and it is pressurized with TFE up to a pressure of 20 bar at a tem- 

55 perature of 55°C. At this point 500 cc of a (NH 4 ) 2 Fe(S0 4 ) 2 6H 2 0 (SdM) solution corresponding to 380 mg of SdM are 
fed into the autoclave. 

[0077] When the pressure in the reactor has decreased of 0.5 bar, one starts to feed TFE by a compressor so as to 
maintain a constant pressure of 20 bar inside the reactor. Meanwhile the internal temperature of the reactor is increased 
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up to 100°C at a rate equal to 0.7°C/min. During the reaction 60 g of the aqueous solution containing 100 grams/litre 
of the ammonium salt of the surfactant having the structure (II) are fed into the autoclave. After 80 minutes, the TFE 
feeding is stopped, when 8,700 grams of TFE have reacted, the reactor is evacuated and cooled. 
[0078] The diameter of the polymer primary particles measured by Laser Light Scattering (LLS) is equal to 1 76 nm. 
After ultracentrifugation at 5,000 rpm for 1 hour, an amount of solid equal to 99.5% by weight of the total weight is 
separated and the LLS measure on the supernatant phase gives a value of 177 nm. 

EXAMPLE 8 (comparative) 

[00791 4 parts of a sodium salt of an acid having the structure (II) with an acidimetric molecular weight 545, 2 parts 
of a perf luorocarbon C 8 F 18 and molecular weight of about 438 and 4 parts of water are introduced into a glass beaker. 
The resulting dispersion is perfectly limpid. 

[0080] 325 grams of the previous dispersion, equal to 01.16 ml/litre of perfluorocarbon, are added to 32 litres of 
carefully degassed water in a 50 litres autoclave equipped with a mechanical stirrer and previously put under vacuum. 
Also 140 grams of paraffin with softening point in the range 52*C-54°C were previously introduced into the reactor. 
500 cc of (NH 4 ) 2 S 2 0 8 (APS) solution corresponding to 220 mg of APS are fed into the autoclave. The autoclave is 
maintained under mechanical stirring and it is pressurized with TFE up to .a pressure of 20 bar at a temperature of 
55°C. At this point 500 cc of a (NH 4 ) 2 Fe(SO 4 ) 2 6H 2 0 (SdM) solution corresponding to 380 mg of SdM are fed into the 
autoclave. „^ 

[0081] When the pressure in the reactor has decreased of 0.5 bar, one starts to feed TFE by a compressor so as to 
maintain a constant pressure of 20 bar inside the reactor. Meanwhile the internal temperature of the reactor is increased 
up to 100°C at a rate equal to 0.7°C/min. After 42 minutes, the TFE feeding is stopped, when 11 ,500 grams of TFE 
have reacted, the reactor is evacuated and cooled. 

[0082] The diameter of the polymer primary particles measured by Laser Light Scattering (LLS) is equal to 1 86 nm. 
After ultracentrifugation at 5,000 rpm for 1 hour, an amount of solid equal to 99.8% by weight of the total weight is 
separated and the LLS measure on the supernatant phase gives a value of 1 05 • ' •; 

EXAMPLE 9 (comparative) . 

[0083] 75 grams of -the dispersion of Example 8, equal to 0.27 ml/litre of perfluorocarbon, are added to 32 litfes of 
carefully degassed water in a 50 litres autoclave equipped with a mechanical stirrer and previously put under vacuum. 
Also 140 grams of paraffin with softening point in the range 52*C-54°C were previously introduced into the reactor. 
500 cc of a (NH 4 ) 2 S 2 0 8 (APS) solution corresponding to 220 mg of APS are fed into the autoclave. The autoclave is 
maintained under mechanical stirring and it is pressurized with TFE up to a pressure of 20 bar at a temperature of 
55°C. At this point 500 cc of a (NH 4 ) 2 Fe(SO 4 ) 2 6H 2 0 (SdM) solution corresponding to 380 mg of SdM are fed into the 
autoclave. 

[0084] When the pressure in the reactor has decreased of 0.5 bar, one starts to feed TFE by a compressor so as to 
maintain a constant pressure of 20 bar inside the reactor. Meanwhile the internal temperature of the reactor is increased 
up to 100°C at a rate equal to 0.7°C/min. During the reaction 60 grams of the aqueous solution containing 100 grams/ 
litre of ammonium perfluorooctanoate are fed into the autoclave. After 76 minutes, the TFE feeding is stopped, when 
13 900 grams of TFE have reacted, the reactor is evacuated and cooled. 

[0085] The diameter of the polymer primary particles measured by Laser Light Scattering (LLS) is equal to 261 nm. 
After ultracentrifugation at 5,000 rpm for 1 hour, an amount of solid equal to 99.9% by weight of the total weight is 
separated and the LLS measure on the supernatant phase gives a value of 1 83. 

EXAMPLE 10 (comparative) 

[0086] 30 grams of the aqueous solution of ammonium perfluorooctanoate are added to 31 litres of carefully degassed 
water in a 50 litres autoclave equipped with a mechanical stirrer and previously put under vacuum. Also 1 40 grams of 
paraffin with softening point in the range 52°C-54*C and 1 00 grams of perf luoropropylvinylether (PPVE) were previously 
introduced into the reactor. 500 cc of a (NH 4 ) 2 S 2 0 8 (APS) solution corresponding to 1000 mg of APS are fed into the 
autoclave The autoclave is maintained under mechanical stirring and it is pressurized with TFE up to a pressure of 
20 bar at a temperature of 55*C. At this point 500 cc of a (NH 4 ) 2 Fe(S0 4 ) 2 6H 2 0 (SdM) solution corresponding to 1 ,450 
mg of SdM are fed into the autoclave. 

[0087] When the pressure in the reactor has decreased of 0.5 bar, one starts to feed TFE by a compressor so as to 
maintain a constant pressure of 20 bar inside the reactor. Meanwhile the internal temperature of the reactor is increased 
up to 75°C at a rate equal to 0.7°C/min . After 27 minutes, the TFE feeding is stopped, when 3,500 grams of TFE have 
reacted, the reactor is evacuated and cooled. 



10 



EP1 127 896 A1 



[0088] The diameter of the polymer primary particles measured by Laser Light Scattering (LLS) is equal to 1 1 5 nm. 
After ultracentrifugation at 5,000 rpm for 1 hour, an amount of solid equal to 92% by weight of the total weight is 
separated and the LLS measure on the supernatant phase gives a value of 85 nm. 

5 EXAMPLE 11 (comparative) 

[0089] 160 grams of the microemulsion of Example 3, equal to 0.52 ml/litre of perfiuoropolyether are added to 32 
litres of carefully degassed water in a 50 litres autoclave equipped with a mechanical stirrer and previously put under 
vacuum. Also 100 grams of perfluoromethylvinylether (PMVE) were previously introduced into the reactor. 500 cc of 

10 a (NH 4 ) 2 S 2 0 8 (APS) solution corresponding to 1 ,600 mg of APS are fed into the autoclave. The autoclave is maintained 
under mechanical stirring and it is pressurized with TFE up to a pressure of 20 bar at a temperature of 30°C. At this 
point 500 cc of a (NH 4 ) 2 Fe(S0 4 ) 2 6H 2 0 (SdM) solution corresponding to 480 mg of SdM are fed into the autoclave. 
[0090] When the pressure in the reactor has decreased of 0.5 bar, one starts to feed TFE by a compressor so as to 
maintain a constant pressure of 20 bar inside the reactor. Meanwhile the internal temperature of the reactor is increased 

15 up to 60°C at a rate equal to 0.7°C/min. After 36 minutes, the TFE feeding is stopped, when 7,900 grams of TFE have 
reacted, the reactor is evacuated and cooled. 

[0091] The diameter of the polymer primary particles measured by Laser Light Scattering (LLS) is equal to 83 nm. 
After ultracentrifugation at 5,000 rpm for 1 hour, an amount of solid equal to 28.3% by weight of the total weight is 
separated and the LLS measure on the supernatant phase gives a value of 79 nm. 

20 

EXAMPLE 12 (comparative) 

[0092] 140 grams of the microemulsion of Example 3, equal to 0.44 ml/litre of perfiuoropolyether are added to 30 
litres of carefully degassed water in a 50 litres autoclave equipped with a mechanical stirrer and previously put under^. 
25 vacuum. Also 140 grams of paraffin with softening point in the range 52°C-54°C were previously introduced into the;, 
reactor. The autoclave is maintained under mechanical stirring and it is pressurized with TFE up to a pressure of 20; 
bar at a temperature of 80°C. At this point 500 cc of a (NH 4 ) 2 S 2 0 8 (APS) solution corresponding to 2,500 mg of APS A 
are fed into the autoclave. 

[0093] When the pressure in the reactor has decreased of 0.5 bar, one starts to feed TFE by a compressor so as to 
30 maintain a constant pressure of 20 bar inside the reactor. Meanwhile the internal temperature of the reactor is increased 
up to 100°C at a rate equal to 1 .0°C/min. After 25 minutes, the TFE feeding is stopped, when 13,500 grams of TFE 
have reacted, the reactor is evacuated and cooled. 

[0094] The diameter of the polymr primary particles measured by Laser Light Scattering (LLS) is equal to 90 nm. ; 
After ultracentrifugation at 5,000 rpm for 1 hour, an amount of solid equal to 31% by weight of the total weight is 
35 separated and the LLS measure on the supernatant phase gives a value of 69 nm. 

EXAMPLE 13 (comparative) 

[0095] 3 parts of an ammonium salt of an acid having the structure (II) with an acidimetric molecular weight 545, 2 
40 parts of a perfiuoropolyether having the structure of type (A) and molecular weight of about 800 and 5 parts of water 
are introduced into a glass beaker. The resulting dispersion is perfectly limpid. 

[0096] 433 grams of the previous dispersion, equal to 1 .55 ml/litre of perfiuoropolyether, are added to 30 litres of 
carefully degassed water in a 50 litres autoclave equipped with a mechanical stirrer and previously put under vacuum. 
Also 140 grams of paraffin with softening point in the range 52°C-54°C were previously introduced into the reactor. 
45 500 cc of a (NH 4 ) 2 S 2 0 8 (APS) solution corresponding to 220 mg of APS are fed into the autoclave. The autoclave is 
maintained under mechanical stirring and it is pressurized with TFE up to a pressure of 20 bar at a temperature of 
55°C. At this point 500 cc of a (NH 4 ) 2 Fe(SO 4 ) 2 6H 2 0 (SdM) solution corresponding to 380 mg of SdM are fed into the 
autoclave. 

[0097] When the pressure in the reactor has decreased of 0.5 bar, one starts to feed TFE by a compressor so as to 
50 maintain a constant pressure of 20 bar inside the reactor. Meanwhile the internal temperature of the reactor is increased 
up to 100°C at a rate equal to 0.75°C/min. After 45 minutes, the TFE feeding is stopped, when 14,700 grams of TFE 
have reacted, the reactor is evacuated and cooled. 

[0098] The diameter of the polymer primary particles measured by Laser Light Scattering (LLS) is equal to 1 1 5 nm. 
After ultracentrifugation at 5,000 rpm for 1 hour, an amount of solid equal to 44.5% by weight of the total weight is 
55 separated and the LLS measure on the supernatant phase gives a value of 88 nm. 
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Claims 

55 1. A process for the preparation of a dispersion based on tetrafluoroethytlene (TFE) homopofymers, or based on 
copolymers thereof with one or more monomers containing at least one unsaturation of ethylene type in amounts 
from 0 up to 10% by moles, preferably from 0 to 2% by moles, said dispersion having a multimodal or bimodal, 
preferably bimodal, distribution of the particle diameters, the dispersion having an average diameter in the range 
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100 nm-400 nm, preferably 150 nm-300 nm, the fraction of small particles having diameter between 10 and 100 

nm Is in the range 1 .5-35% by weight calculated on the dry product, preferably 3-25% by weight; 

the ratio between the average diameter of the small particles with respect to the average diameter of the dispersion 

obtained from the polymerization being in the range 0.025-0.6; 

said process comprising: 

a) preparation of an aqueous microemulsion comprising fluorinated surfactants and (per)fluoropolyether 
(PFPE) oils having non reactive, preferably (per)fluorinated, end groups, optionally containing 1 or more H 
and/or CI atoms Instead of fluorine; 

b) feeding of the microemulsion into the polymerization reactor befor the beginning of the polymerization or 
when polymerization has started; 

c) feeding of at least one fluorinated, preferably perfluorlnated, surfactant into the reactor before the starting 
of the polymerization or when polymerization has started; 

d) addition of water (reaction medium) into the reactor, reactor pressurization with gaseous TFE, optional 
addition of comonomers, chain transfer agents, stabilizers; 

e) addition of the initiator, and optionally during the polymerization of further amounts of comonomers, initiators, 
chain transfer agents; 

f) discharge from the reactor of the polymer latex; before the beginning of the reaction at least a part of the b) 
and/or c) feedings must be carried out. 

A process according to claim 1 , wherein the amount of the surfactant fed before polymerization starts is higher 
than 0.05 grams for litre of water, the total amount of the fed surfactant being in the range 0.3-1 0 g for litre of water. 

A process according to claims 1-2, wherein the amount of the fluorinated surfactant in the microemulsion a) is in , 
the range 1 -80% by weight, preferably 1 -45% by weight, with respect to the total weight of surfactants a)+c). ~~ 

A' process according to claims 1 -3, wherein in order to obtain trimodal or higher distributions of the particles, a — ' 
fluorinated surfactant c) and the microemulsion a) areifed into the reactor at different reaction progress degrees, 
preferably a feeding of the microemulsion a) and of the surfactant c) before the beginning of the reaction, a further 
feeding of microemulsion a) when more than 50% of tetrafluoroethylene has reacted. •" 

A process according to claims 1 -4, wherein the perfluoropolyether oil phase of the microemulsion a) is present in 
* an- amount from 0.002 to 10 ml for litre of water, preferably from O.Ol to 2.5 ml. 

A process according to claims 1-5, wherein the number average molecular weight of the perfluoropolyethers 
(PFPE) of the microemulsion a) is in the range 350-8,000, preferably 500-1,000, the perfluoropolyether chain 
comprises repeating units havaing at least one of the following structures, statistically placed along the chain: 

(CFXO), (CF 2 CF 2 0), (CF 2 CF 2 CF 2 0), (CF 2 CF 2 CF 2 CF 2 0), 
(CR 4 R 5 CF 2 CF 2 0), (CF (CF 3 ) CF 2 0), (CF 2 CF(CF 3 )0), 

wherein X = F, CF 3 ; 

R 4 and R 5 , equal to or different from each other, are selected from H, CI, or perfluoroalkyl from 1 to 4 carbon atoms. 
A process accodlng to claim 6, wherein PFPE is selected from the following structures: 

1) TO-(CF 2 0) a ,-(CF 2 CF 2 0) b ,-T 

with a'/b' in the range 0.5-2, extremes Included, a' and b' being integers such as to give the above indicated 
molecular weight; 

2) TO-(C 3 F 6 0) r - (C 2 F 4 0) b - (CFXO) t -T 
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with r/b = 0.5-2.0; (r+b)/t is in the range 10-30, b, r and t being integers such as to give the above indicate 
molecular weight, X has the above indicated meaning; 

s 3) TO-(C 3 F 6 0) r ,-(CFXO) t .-T 

t* can be 0; 

when V is different from 0 then r7t' = 10-100, preferably 10-30; r' and t' being integers such as to give the 
above indicated molecular weight; X has the above indicated meaning; 
10 the T end groups, equal to or different from each other, are (per)fluoroalkyl groups selected from: -CF 3 , -C 2 F 5 , - 

C 3 F 7 , -CF 2 Cl, -C 2 F 4 CI, -C 3 F 6 CI; optionally one or two F atoms, preferably one, can be replaced by H. 

8. A process according to claim 7, wherein the PFPE has the structure: 

CF 3 0(C 3 F 6 0) n (CF 2 0) m CF 3 
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wherein n and mare such as to give the above indicated molecular weight values; m/n is in the range 0.01 -0.5. 
20 9. A process acording to claims 1 -8, wherein the fluorinated surfactants are selected from the following: 

TO(C 3 F 6 0) n (CF 2 0) m CF 2 COOM (IA) 



25 wherein M= H, NH 4 , Na, Li, K and n ranges from 1 to 6, T is as above defined; m/n is in the range 0.05-0.1 



:CF 3 (CF 2 ) n COOM (HA)> 

■ ■ .. ■ , 

30 wherein n ranges from 4 to 12 .. 

F-'(CF 2 -CF 2 )' n -CH 2 -CH 2 -S0 3 M , (MIA) 



35 



40 



45 



50 



55 



wherein M= H, NH 4 , Na, Li, K and n ranges from 2 to 5. 

10. A process according to claim 9, wherein the fluorinated surfactants of the microemulsion a) have structure (IA). 

11. A process according to claims 1-10, wherein the comonomers having an ethylene unsaturation are of both hydro- 
genated and fluorinated type. 

12. A process according to claim 11 , wherein the fluorinated comonomers are selected from: 
C 3 -C 8 perfluoroolefins, such as hexafluoropropene (HFP) ; 

C 2 -C 8 hydrogenated fluoroolefins, such as vinyl fluoride (VF), vinylidene fluoride (VDF), trifluoroethylene, per- 
fluoroalkylethylene CH 2 =CH-Rf, wherein Rf is a C r C 6 perfluoroalkyl, such as hexafluoroisobutene; 
C 2 -C 6 chloro- and/or bromo- and/or iodo-fluoroolefins, such as chlorotrifluoroethylene (CTFE); 
(per)fluoroalkylvinylethers (PAVE) CF 2 =CFORf , wherein Rf is a C r C 6 (per) fluoroalkyl, for example CF 3 , C 2 F 5 , 
C 3 F 7 ; 

(per)fluoro-oxyalkylvinylethers CF^CFOX, wherein X is a C V C A2 alkyl, or a C r C 12 oxyalkyl, or a C r C 12 (per) 
fluorooxyalkyl having one or more ether groups, for example perfluoro-2-propoxy-propyl; 
fluorodioxoles, preferably perfluorodioxoles. 

13. A process according to claim 12, wherein the fluorinated comonomers are selected from: 

hexafluoropropene (HFP); 
chlorotrifluoroethylene (CTFE) ; 
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1) 



EP1 127 896 A1 

- (per)fluoroalkylvinylethers (PAVE) CF 2 =CFORf, wherein Rf is a C r C 3 (per)fluoroalkyl; 
perfluorodioxoles. 

5 
10 
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20 

25 
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